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(54) HEMMING PROCESS OF ALUMINUM ALLOY PANEL STOCK AND ALUMINUM ALLOY PANEL 
STOCK 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a hemming process of an 
aluminum alloy panel stock and an aluminum alloy panel stock for 
hemming process capable of simultaneously satisfying hemming 
workability and artificial aging hardenability under the cryogenic 
temperature. 

SOLUTION: A flat hemming process (figure C) characterized by the 
feature that the process bonds an aluminum alloy outer panel stock 1 
having the wall thickness of 0.8 mm or more to an aluminum alloy 
inner panel stock 2 having the wall thickness of 1 .0 mm or less, and 
when the flat hemming process is conducted in the condition that a 
clearance exists between the end portion of the inner panel stock 2 
inserted into the hemming portion 16 of the outer panel stock 1 and 
the internal surface of the hemming portion, the outer panel stock 1 
includes Si: 0.4-1.3%, Mg: 0.4-1.2%, and Si/Mg is 1 or more, Mn: 
0.15% or less and regulates Cu: 0.1% or less, and proof stress is 110-140 MPa and the outer panel stock is 
a Si excessive type Al-Mg-Si system aluminum alloy and the outer panel stock after the flat hemming 
process is granted by 2% stretch and then, proof stress after the artificial aging treatment of 150°Cx20 
minutes is made 170 MPa or more. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Board thickness is 0.8mm. The aluminium alloy outer panel material which it is above Board thickness is 
1 .0mm. It is the flat hem processing approach joined to the following aluminium alloy inner panel material. It faces 
carrying out flat hem processing in the condition that a clearance is between the insides of said inner panel material 
edge inserted in the hemming section of said outer panel material, and said hemming section. Si:0.4-1.3% and Mg:0.4- 
1.2% are included for said outer panel material. And Si/Mg 1 It is above and they are less than [ Mn:0.15% ] and 
Cu:0.1%. It regulates below. It considers as the aluminum-Mg-Si system aluminium alloy of overSi mold which made 
proof stress the range of 1 10 -140MPa. And the hem processing approach of the aluminium alloy panel material 
characterized by setting proof stress after the artificial-aging processing for after [ 2% stretch grant ] 150 **x 20 
minutes of the outer panel material after said flat hem processing to 170 or more MPas. 

[Claim 2] They are 90-degree bend radii of said aluminium alloy panel material in down flange processing before said 
flat hem processing 0.5-2.0 The hem processing approach of the aluminium alloy panel material according to claim 1 
made into the range. 

[Claim 3] Before said flat hem processing, press forming of the aluminium alloy panel material is carried out 
beforehand, it comes out, and it is the hem processing approach of a certain aluminium alloy panel material according 
to claim 1 or 2. 

[Claim 4] OverSi mold aluminum-Mg-Si system aluminium alloy panel material for outer panel material by which flat 
hem processing is carried out by the approach of said claim 1 thru/or either of 3. 
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DETAILED DESCRIPTION 



Petailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the hem processing approach of aluminium alloy panel material, and 

the aluminium alloy panel material for hem processing (aluminum is only hereafter called aluminum). 

[0002] 

[Description of the Prior Art] From the former, as the member and the object for components of transport airplanes, 
such as an automobile, a vessel, or a car, home electronics, construction, and the structure Fabrication nature (only 
henceforth a moldability) Outstanding AA thru/or outstanding JIS of an aluminum-Mg system It was specified to 
specification, (specification is satisfied) 5000 A system, AA of an aluminum-Mg- Si system thru/or JIS 6000 system 
excellent in a moldability or printing hardenability (only henceforth 5000 systems thru/or 6000 systems) aluminum 
alloy (each aluminium alloy expansion material, such as rolling panel material, an extruded section, and a forging, is 
named generically) is used. 

[0003] In recent years, improvement in the fuel consumption by lightweight-izing of the car body of transport 
airplanes, such as an automobile, is pursued to the global environment problems by exhaust gas etc. For this reason, 
instead of the steel materials currently used from the former, application of more nearly lightweight aluminum alloy is 
increasing to the car body of an automobile especially. 

[0004] the inside of this aluminum alloy — outer panel of the panel structures, such as a hood of an automobile, a 
fender, a door, a roof, and a trunk lid (shell plate) panel material, such as an inner panel (inner plate), - thin meat ~ and 
- as high intensity aluminum alloy panel material JIS or it was specified to AA Standard (JIS thru/or AA Standard 
are satisfied) - use of aluminum alloy panel (plate) material of 6000 systems of a superfluous Si mold is considered. 
[0005] This superfluous Si type of 6000 system aluminum alloy contains Si and Mg as indispensable fundamentally, 
and is Si/Mg. 1 It is the aluminum-Mg- Si system aluminium alloy which it is above. And the age-hardening of it is 
carried out with heating at the time of artificial-aging processing of the baking finish processing after shaping etc., and 
its proof stress improves, and it has the advantage which can secure required reinforcement while it secures a 
moldability by low proof stress-ization at the time of press forming or bending, since especially this superfluous Si 
mold 6000 system aluminum alloy has the outstanding age-hardening ability. 

[0006] Moreover, a these superfluous Si mold 6000 system aluminum alloy has comparatively few amounts of alloy 
elements as compared with aluminum alloy of other 5000 systems with many amounts of alloys, such as the amount of 
Mg, etc. For this reason, it is aluminum alloy dissolution material about the scrap of these 6000 system aluminum alloy, 
(dissolution raw material) In case it reuses by carrying out, it is easy to obtain the original 6000 system aluminum alloy 
ingot, and excels also in recycle nature. 

[0007] By the outer panel of said automobile panel structure, the edge of an outer panel is bent after the fabrication by 
the press of a diaphragm process, a trim process, etc. (180 turning up a degree) Hemming processing which performs 
junction on the edge of the inner panel after fabrication (it is called folding ****** and following hem processing) It is 
carried out. 

[0008] the outline of this hemming processing - drawing 2 (a) - (d) It is shown. Hemming processing is fundamentally 
performed by selection of the flat hem process of drawing 2 (c), or the rope hem process of drawing 2 (d) through the 
down flange process of drawing 2 (a) explained in full detail below, and the PURJHEMU process of drawing 2 (b) as 
this drawing shows. 

[0009] First, the down flange process of drawing 2 (a) is the outer panel 1 after fabrication fixed by dice 3a and 

holddown 5a. About marginal la, it is a right angle (90 **) by punch 4a. It bends to a near include angle. 

[0010] Next, the PURIHEMU process of drawing 2 (b) is the outer panel 1 after a down flange process. Similarly, it 

fixes by dice 3b and holddown 5b, and is the outer panel 1. Marginal lb is further bent inside to about 135 ** by punch 

4b. 



[001 1] Furthermore, the flat hem process of drawing 2 (c) and the rope hem process of drawing 2 (d) are the inner 
panel 2 after fabrication, such as a diaphragm process and a trim process. It is the outer panel 1 after a PURIHEMU 
process about an edge. It holds in the bending section, (insertion) It carries out. and outer panel 1 And inner panel 2 
Holddown (not shown) while fixing with Dices 3c and 3d — outer panel 1 Edges lc and Id - Punch 4c and 4d — 
further - it bends inside to the include angle of 180 **, and a flat hem is formed. Thus, inner panel 2 An edge and outer 
panel 1 Flat hem section (180 whenever bending section) It contacts, and it is stuck while both are joined in edges. 
[0012] It compares with the flat hem process of drawing 2 (c), and the rope hem process of the inside of this and 
drawing 2 (d) is the hem hemming section (bending section). It has the configuration of a form of a rope which swelled 
in the shape of radii, and configurations are not Sharp thru/or a flat hem configuration, and appearance nature does not 
have them, either. [ good ] Moreover, problems, like junction nature and adhesion are missing few also have the touch 
area of an outer panel and an inner panel. 

[0013] For this reason, in the autoparts which think an appearance and a fine sight as important especially, it is usual to 
perform the final process of hem processing according to the flat hem process of drawing 2 (c) used as severe bending. 
[0014] Setting here, aluminum alloy panel material for said outer panels and inner panels is 1.2mm because of 
lightweight-izing of panel material. Thinning is increasingly carried out to the following board thickness in recent 
years. For example, aluminum alloy panel material for outer panels is 0.8mm. The above 0.9- 1.2mm Board thickness is 
in use. Moreover, aluminum alloy panel material for inner panels is 1.0mm. The following 0.8-1. 0mm board thickness 
is in use. 

[0015] However, especially in these aluminum alloy panel material by which thinning was carried out, as bending 
conditions, it becomes severe and flat hem processing becomes difficult, so that the board thickness of the inner panel 
material inserted in the hemming section of outer panel material becomes thin. 

[0016] for this reason, the hemming section A of the flat hem formed in flat hem processing of aluminum alloy panel 
material by which thinning was carried out ****-- drawing 3 Surface deterioration X as shown in order of extent, 
minute crack Y, and comparatively big crack Z etc. - a defect - being generated - being easy — application on 
components becomes impossible in many cases 

[0017] Moreover, it sets to flat hem processing and is drawing 3. Like (it illustrates to drawing 2 (C)) and outer panel 
material 1 which are shown Hemming section A Inner panel material 2 inserted Edge 2a and the hemming section A 
Between Insides Aa, it is Clearance t a little inevitably. It is processed in the condition of being, this clearance t it is « 
or this clearance t if it becomes large ~ outer panel material 1 The hemming section A (bending section) since 
thickness becomes thin and becomes severe as bending conditions — crack Z etc. ~ it becomes easy to produce a defect. 
And in the above mentioned aluminum alloy panel material by which thinning was carried out, this inclination becomes 
remarkable. 

[0018] On the other hand, it is said hem section at the flat hem processing process and material side of aluminum alloy 
plate from the former, (hemming section, bending section) Various techniques of preventing defect generating are also 
proposed. 

[0019] for example, in JP,63-2690,B In flat hem processing of high intensity 186MPa extent aluminum alloy plate 
Bend radii Rd (shoulder radius of a dice) of the flange corner section formed in outer panel material in the down flange 
process of said drawing 2 (a) It enlarges. More specifically relation with the board thickness of aluminum alloy plate — 
bend radii Rd - 0.8M.8t (however, t board thickness of aluminum alloy plate) ****** — preventing said defect's 
generating is indicated. 
[0020] 

[Problem(s) to be Solved by the Invention] However, the inner panel material inserted in the hemming section of outer 
panel material in flat hem processing in this official report is 1.2mm. It is comparatively as thick as extent and flat hem 
processing is comparatively easy severely as bending conditions. On the other hand, 0.8- 1.0mm When flat hem 
processing is carried out using the comparatively thin inner panel material of extent, even if it enlarges bend radii Rd 
etc., a crack arises in the hemming section of a flat hem. This originates also in existence of the clearance between the 
inner panel material edges and hemming section insides which are inserted in the outer panel material hemming section 
as it described above. 

[0021] For this reason, there is no practical improvement technique of the effective flat hem workability of the above 
mentioned sheet metal aluminum alloy panel material by the side of a flat hem processing process not much. For this 
reason, the proof stress of 6000 system aluminum alloy panel material itself was lowered to the ingredient side, and the 
actual condition has improved flat hem workability. 

[0022] However, when reducing the proof stress of 6000 system aluminum alloy panel material too much, the proof 
stress after paint baking processing (artificial-aging hardening processing) of aluminum alloy panel material becomes 
low inevitably. 

[0023] Especially the temperature of paint baking processing of aluminum alloy panel material is in the inclination 



which a low^temperature short time tends to be increasingly formed by a demand and coating improvement of energy 
saving, and is increasingly low-temperature-ized by them on the low-temperature short-time processing conditions for 
150 **x 20 minutes etc. from the processing for 170 **x 20 minutes which was conventionally commonsense as for the 
formation of a low-temperature short time in recent years. 

[0024] For this reason, on such paint baking processing conditions formed into a low-temperature short time, when 
reducing the proof stress of 6000 system aluminum alloy panel material for an improvement of hem workability, the 
reinforcement of 170 or more MPas required of this seed panel structure application is not obtained. 
[0025] Thus, like [ the artificial-aging hardenability in the hem workability and the low temperature of 6000 system 
aluminum alloy panel material which were sheet-metal-ized ] an old raise in a moldability, and a technical problem 
with high-intensity-izing etc., it is the technical technical problem which carries out phase conflict, and it is difficult to 
make it compatible. For this reason, even if it carries out with the control technique of the crystallization object of 6000 
system aluminum alloy panel material, or a sludge proposed variously, and the technique which adds Cu etc. so much 
from the former, it becomes a quite difficult technical technical problem to attain to coincidence the artificial-aging 
hardenability in the hem workability and the low temperature of 6000 system aluminum alloy panel material which 
were sheet-metal-ized. 

[0026] This invention is made paying attention to such a situation, and the purpose tends to offer the hem processing 
approach of aluminum alloy panel material and aluminum alloy panel material for hem processing which are satisfied 
with coincidence of hem workability and the artificial-aging hardenability in low temperature. 
[0027] 

[Means for Solving the Problem] In order to attain this purpose, the summary of the hem processing approach (claim 1) 
of this invention aluminium alloy panel material Board thickness is 0.8mm. The aluminium alloy outer panel material 
which it is above Board thickness is 1.0mm. It is the flat hem processing approach joined to the following aluminium 
alloy inner panel material. It faces carrying out flat hem processing in the condition that a clearance is between the 
insides of said inner panel material edge inserted in the hemming section of said outer panel material, and said 
hemming section. Si:0.4-1.3% and Mg:0.4-1.2% are included for said outer panel material. And Si/Mg 1 It is above and 
they are less than [ Mn:0.15% ] and Cu:0.1%. It regulates below. It is considering as the aluminum-Mg-Si system 
aluminium alloy of overSi mold which made proof stress the range of 1 10 -140MPa, and setting proof stress after the 
artificial-aging processing for after [ 2% stretch grant ] 150 **x 20 minutes of the outer panel material after said flat 
hem processing to 170 or more MPas. 

[0028] Moreover, aluminium alloy panel material for this invention hem processing (claim 4) A summary is aluminum- 
Mg-Si system aluminium alloy panel material for outer panel material by which flat hem processing is carried out by 
the approach of said claim 1 thru/or either of 3. 

[0029] In addition, temper processing which mentions a hot rolling plate, a cold rolling plate, and these later with 
aluminum alloy panel material said by this invention (heat treatment) It is the given plate and names generically, 
including the plate for shaping. 

[0030] Especially for this invention persons, inner panel material is 1.0mm. The 6000 system aluminum alloy panel 
material sheet-metal-ized below, About flat hem processing in the condition that there is a clearance between die inner 
panel material edges and hemming section insides which are inserted in the hemming section of outer panel material, 
hem processing is excellent and on the conditions for the usual 170 **x 20 minutes and of course Artificial-aging 
processing of a low-temperature short time for said 150 **x 20 minutes (paint baking processing) The material 
conditions from which the reinforcement of 170 or more MPas is obtained also on conditions were examined anew. 
[0031] Consequently, if it considers as the aluminum-Mg-Si system aluminium alloy of overSi mold which made proof 
stress the range of 1 10 -140MPa, and made the outer panel material by which flat hem processing is carried out the 
specific component presentation range Especially inner panel material is 1.0mm. It is the 6000 system aluminum alloy 
panel material sheet-metal-ized below. And even if it was flat hem processing in the condition that there is a clearance 
between the inner panel material edges and hemming section insides which are inserted in the hemming section of outer 
panel material, the knowledge of having the effectiveness that can improve hem workability and it is satisfied with 
coincidence of the artificial-aging hardenability in low temperature was carried out. 

[0032] Especially this effectiveness is claim 2. They are 90-degree bend radii of said aluminium alloy panel material in 
down flange processing before said flat hem processing like a publication 0.5-2.0 It is large when it considers as the 
range. 

[0033] Moreover, since it has such effectiveness, this invention is claim 3. Especially press forming of the 6000 system 
aluminum alloy plate is beforehand carried out before said flat hem processing, distortion is introduced like a 
publication and hem processing falls, it is applied to the hem processing approaches for automobile outer panels etc., 
and is suitable. 
[0034] 



[Embodiment of the Invention] Hereafter, it explains about the suitable operation gestalt of this invention using a 
drawing. First, the flat hem processing approach in this invention itself is said drawing 2 (a) - (c). The same is 
fundamentally said of the conventional hem processing including the flat hem process of having explained, and the 
conditions of a process and each process. 

[0035] However, for considering as the object of flat hem processing by this invention, the board thickness of 
aluminum alloy outer panel material is 0.8mm as described above. It is above and the board thickness of aluminum 
alloy inner panel material is 1.0mm. It considers as the following. The board thickness of aluminum alloy outer panel 
material is thinner than this, and it is comparatively easy for ** to also attain hem workability and the artificial-aging 
hardenability in low temperature to coincidence not using this invention what has the board thickness of aluminum 
alloy inner panel material thicker than this. 

[0036] In addition, flat hem processing by this invention is 4 of aluminum alloy panel material. Whether all are 
performed to a perimeter, the side chosen (side edge section) It receives and is chosen suitably, whether it is a line 
crack corresponding to the design of a member. 

[0037] (Down flange process) The down flange process of drawing 2 (a) in hem processing is aluminum alloy outer 
panel material 1 after extracting as occasion demands and carrying out [ process / a process, / trim ] fabrication first. It 
fixes by dice 3a and holddown 5a, and is the outer panel material 1 . Marginal la is bent to the include angle near a right 
angle by punch 4a. 

[0038] Under the present circumstances, outer panel material 1 90-degree bend radii are 0.5-2.0. Considering as the 
range is desirable. Outer panel material 1 90-degree bend radii adjust the shoulder radius Rd of dice 3a of drawing 2 
(a), and the shoulder radius Rp of punch 4a, and perform them. 

[0039] 90-degree bend radii of outer panel material are 0.5. When it is the following, especially inner panel material is 
1.0mm. It is the 6000 system aluminum alloy panel material sheet-metal-ized below, and in flat hem processing in the 
condition that there is a clearance between the inner panel material edges and hemming section insides which are 
inserted in the hemming section of outer panel material In spite of a proof stress convention of the outer panel material 
in this invention, it sets at a flat hem processing process, and is said drawing 3. It becomes easy to produce defects, 
such as a shown crack. 

[0040] On the other hand, 90-degree bend radii of outer panel material are 2.0. When exceeding, it becomes close to the 
rope hem shown in drawing 2 (d), and possibility that a fine sight will be spoiled in the appearance of the hem 
hemming section becomes large. Moreover, to the outer-diameter line thru/or visible outline on the original design of 
the hemming section of a flat hem, or the visible outline after actual processing becomes short, possibility that it will be 
too long conversely and neither configuration precision nor dimensional accuracy will come out also becomes large. 
[0041] Next, the PURIHEMU process of drawing 2 (b) is the outer panel material 1 after a down flange process. 
Similarly, it fixes by dice 3b and holddown 5b, and is the outer panel material 1 . Marginal lb is further bent inside to 
the include angle of about 135 ** by punch 4b. 

[0042] Furthermore, the flat hem process of drawing 2 (c) is the inner panel 2 after fabrication, such as a diaphragm 
process and a trim process. About an edge, it is the outer panel material 1 after a PURIHEMU process. Hemming 
section A It inserts. 

[0043] under the present circumstances, clearance t produced between inner panel material edge 2a and the hemming 
section insides Aa which are shown in said drawing 3 as [ said ] having carried out « outer panel material 1 The 
hemming section A in order to make thickness thin and to make bending conditions severe — crack Z etc. - a defect is 
made easy to produce. Therefore, this clearance t The smaller possible one is desirable in respect of flat hem 
workability. However, this clearance t A hem processing top is difficult for losing completely, and it is also 
complicated, for this reason — this invention - the hemming section A Crack Z etc. — a certain amount of clearance t in 
the range which does not produce a defect It approves. 

[0044] This clearance t The tolerance in this invention is Clearance t. Flange die length shown in said drawing 3 
(perimeter of the hem hemming section A) 1 Ratio (t/1) Although it changes also with processing conditions when it 
says, it is 0.6 in general. It is the following. However, by the conventional hem processing, it is this t/1. It is 0.3 in 
general. Extent was tolerance. Namely, this clearance t that makes bending conditions severe by improvement of flat 
hem workability in this invention Tolerance can be enlarged and this point is also one of this invention effectiveness. 
[0045] And outer panel material 1 And inner panel 2 While fixing by the holddown (not shown) and dice 3c, it is the 
outer panel 1. It is marginal lc by punch 4c Further 180 It bends inside to the include angle of whenever, and the flat 
hem section is formed. Thus, inner panel 2 An edge and outer panel 1 Flat hem section (hemming section) It contacts, 
and while both are joined in edges, it is stuck mutually. 

[0046] Therefore, this invention also has the advantage that achievement of said two effectiveness is possible, without 
changing a conventional hem processing process and conventional conditions a lot. 

[0047] (aluminum alloy panel material) Next, aluminum alloy panel material concerning this invention is explained to a 



detail 

[0048] (Proof stress) Let proof stress of aluminum alloy outer panel material first be the range of 1 10 -140MPa. 
drawing 1 AA 6016 aluminum alloy in the example boiled and mentioned later (this invention presentation) Proof 
stress of aluminum alloy panel material (it was made to change variously) Relation with hem workability is shown, 
drawing 1 inside and a white round mark -- inner panel stock thickness 1 .0mm and the black dot mark ~ inner panel 
stock thickness - 0.8mm it is - it is a case, drawing 1 the hem processing conditions that it can be alike and can set - 
inner panel board thickness -- 0.8-1. 0mm Clearance t which it is thin and is produced between an inner panel material 
edge and a hemming section inside Flange die-length 1 a ratio - 1/1 - 0.5 large ~ 90-degree bend radii of a down flange 
process - 0.5 It considered as severer flat hem processing. 

[0049] drawing 1 since ~ the case where proof stress exceeds 140MPa(s) as I understand ~ especially ~ inner panel 
material — 1 .0mm It is the 6000 system aluminum alloy panel material sheet-metal-ized below, and, so that inner panel 
stock thickness is thin on said severe flat hem processing conditions (inner panel stock thickness - 1 .0mm - the 
direction in 0.8mm) Hem workability falls and defects, such as a crack, arise in the hemming section of outer panel 
material. It follows and it turns out on said severe flat hem processing conditions that the criticality of flat hem 
workability is near proof stress 140MPa by this invention at the target superfluous Si mold 6000 system aluminum 
alloy panel material. 

[0050] On the other hand, the proof stress of aluminum alloy outer panel material is 1 10 MPa. The low-temperature 
age-hardening ability made into the purpose is not obtained, the proof stress at the time of the low-temperature aging 
treatment for after [ 2% stretch grant ] 150 **x 20 minutes is not set to 170 or more MPas, and need reinforcement as 
the panel structure cannot be filled with the following. 

[0051] (Board thickness) Attached to the board thickness of aluminum alloy panel material in this invention, as 
described above, the board thickness of aluminum alloy outer panel material is 0.8mm. It is above and the board 
thickness of aluminum alloy inner panel material is 1.0mm. It is aimed at the following. The board thickness of 
aluminum alloy outer panel material is thinner than this, hem workability is improved according to the effectiveness of 
board thickness in what has the board thickness of aluminum alloy inner panel material thicker than this, and it is the 
technical problem of this invention, (hem workability and the artificial-aging hardenability in low temperature are 
attained to coincidence) Needlessness and **. 

[0052] Moreover, the board thickness of aluminum alloy inner panel material is 1.0mm also at the point of lightweight- 
izing of panel material thru/or the panel structure. It is desirable that it is the following. In addition, as for the one 
where the board thickness of aluminum alloy inner panel material from the point of flat hem workability is thicker, hem 
workability of the one where the board thickness of aluminum alloy outer panel material is conversely thinner 
improves. However, if the board thickness of aluminum alloy inner panel material becomes thick, the meaning of the 
adoption [ itself] of aluminum alloy panel material for lightweight-izing of panel material thru/or the panel structure 
will be spoiled. 

[0053] (aluminum alloy presentation) Next, the chemical entity presentation in this invention outer panel material is 
explained. Especially the outer panel aluminum alloy of this invention makes many properties, such as the press- 
forming nature and corrosion resistance which are excellent in said hem workability or low-temperature age-hardening 
ability, and are further demanded considering proof stress as range of 1 10 -140MPa as the panel structure of transport 
airplanes, such as an automobile, etc. as a superfluous Si mold 6000 system aluminum alloy, and weldability, have, (it 
is satisfied) There is need, therefore, the content of each elements, such as Si in this invention aluminum alloy panel 
material, and Mg, — AA thru/or JIS specification — a convention — or while being contained, it is specified in the 
desirable range from a viewpoint of said property exertion within the limits of it. Below, the desirable range of each 
element and meaning are explained. 

[0054] in addition, Cr(s), Zr, Ti and B other than the inside of an alloy element, and Si, Mg, Cu and Mn, and Fe, Zn, 
nickel and V etc. - other alloy elements are impurity elements fundamentally. However, the case where not only a high 
grade aluminum metal but a 6000 system alloy, other aluminum alloy scrap material, a low purity aluminum metal, etc. 
are used as dissolution material is included as dissolution material from a viewpoint of recycle of said 6000 system 
alloy. In such a case, an alloy element besides these will be contained inevitably. Therefore, an alloy element besides 
these is JIS in the range which does not check said improvement effectiveness in many properties made into the 
purpose in this invention. Or it permits containing within the specification of AA. 
[0055] Mg: 0.4-1.2%. 

Mg is Mg/Si in Si at the time of solid solution strengthening and artificial-aging processing of paint baking processing 
etc. Compound phases, such as a cluster, are formed, age-hardening ability is demonstrated, and it is an indispensable 
element for obtaining the need reinforcement of 170 or more MPas as panel material thru/or the panel structure. 
[0056] Less than 0.4% of Mg (it is the same mass % and the following) In content, since absolute magnitude runs short, 
said compound phase cannot be formed at the time of artificial-aging processing, and age-hardening ability cannot be 



demonstrated. For this reason, as panel material thru/or the panel structure, the need reinforcement of 170 or more 
MPas is not obtained. 

[0057] if Mg contains on the other hand exceeding 1.2% - press-forming nature and bending workability (hem 
workability) etc. - a moldability is checked remarkably. Therefore, the content of Mg is 0.4 - 1.2% of range, and is 
Si/Mg. 1.0 Considering as an amount which becomes the above is desirable. 
[0058] Si: 0.4-1.3%. 

Si is [ Mg ] Mg/Si in Si at the time of solid solution strengthening and artificial-aging processing of paint baking 
processing etc. Compound phases, such as a cluster, are formed, age-hardening ability is demonstrated, and it is an 
indispensable element for obtaining the need reinforcement of 170 or more MPas as panel material thru/or the panel 
structure. Therefore, it is the maximum important element for making many properties, such as the press-forming 
nature and hem workability which are in an overthis invention Si mold 6000 system aluminum alloy, and are further 
required of each application, corrosion resistance, and weldability, have. 

[0059] Moreover, it is Si/Mg also in order to demonstrate the outstanding low-temperature age-hardening ability of 170 
or more MPas for the proof stress at the time of the low-temperature aging treatment for after [ 2% stretch grant ] 150 
**x 20 minutes. 1 .0 It considers as the above and considers as the superfluous Si mold 6000 system aluminum alloy 
presentation which made Si contain superfluously to Mg. 

[0060] The amount of Si cannot have many properties, such as said age-hardening ability, press-forming nature further 
required of each application, hem workability, corrosion resistance, and weldability, at less than 0.4%. 
[0061] On the other hand, if Si contains exceeding 1.3%, hem workability and bending workability will be checked 
especially remarkably. Furthermore, weldability is checked remarkably. Therefore, as for Si, it is desirable to consider 
as 0.4- 1.3% of range. 

[0062] In addition, in especially outer panel material, since hem workability is thought as important, as for Si content, it 
is desirable that they are 0.4 - 1.1% and the more lower range. 

[0063] Cu: 0.1% The following and Cu are Mg/Si into the crystal grain of aluminum alloy organization at usual at the 
time of artificial-aging processing of paint baking processing etc. The effectiveness of promoting compound phases, 
such as a cluster, and Cu which dissolved are effective in raising a moldability. However, especially inner panel 
material is 1 .0mm. In flat hem processing in the condition that there is a clearance between the inner panel material 
edges and hemming section insides which are the sheet metal-ized 6000 system aluminum alloy panel material, and are 
moreover insert in below at the hemming section of outer panel material, if Cu is contain exceeding 0.1%, hem 
workability will fall and defects, such as a crack, will arise in the hemming section of outer panel material. Moreover, 
content of Cu degrades remarkably stress-corrosion-cracking-proof nature, the yarn-proof rust nature of the corrosion 
resistance after paint, and weldability. For this reason, in the case of the panel material applications for automobile 
outer panels etc., it considers as 0.1% or less of the smallest possible amount especially. 

[0064] Mn: In less than [ 0.15% ] and Mn, it is a particulate material at the time of homogenization heat treatment, 
(dispersed phase) It generates, the grain boundary migration after recrystallization is barred to these particulate 
materials, and it is effective in making the crystal grain of aluminum alloy organization make it detailed. However, 
0. 1 5% Especially by the content to exceed, inner panel material is 1 .0mm. In flat hem processing in the condition that 
there is a clearance between the inner panel material edges and hemming section insides which are the sheet-metal-ized 
6000 system aluminum alloy panel material, and are moreover inserted in below at the hemming section of outer panel 
material, hem workability falls and defects, such as a crack, arise in the hemming section of outer panel material. 
Therefore, the content of Mn is 0.15%. It regulates below. 
[0065] Cr, Zr. 

It is a particulate material like [ the transition element of these Cr and Zr ] Mn at the time of homogenization heat 
treatment, (dispersed phase) It generates and is effective in the ability to obtain detailed crystal grain. However, Cr and 
Zr are also 0.15%. Especially by the content to exceed, inner panel material is 1.0mm. In flat hem processing in the 
condition that there is a clearance between the inner panel material edges and hemming section insides which are the 
sheet-metal-ized 6000 system aluminum alloy panel material, and are moreover insert in below at the hemming section 
of outer panel material, hem workability falls and defects, such as a crack, arise in the hemming section of outer panel 
material. Therefore, the content of Cr and Zr is also 0.15%. Regulating below is desirable. 
[0066] Ti and B. 

Ti and B If contained Ti:0.1% respectively exceeding B:300 ppm, a big and rough crystallization object will be formed 
and a moldability will be reduced, however, Ti and B ****-- by content of a minute amount, crystal grain of an ingot 
is made detailed and it is effective in raising press-forming nature. Therefore, Ti:0.1% The content to B:300 ppm or 
less is permitted hereafter. 
[0067] Fe. 

Fe which mixes from dissolution material and is contained as an impurity generates crystallization objects, such as 



aluminum7Cu2Fe, aluminum 12(Fe, Mn) 3Cu2, and aluminum (Fe, Mn)6. These crystallization objects degrade 
remarkably moldabilities, such as fracture toughness and a fatigue property, and also hem workability. Especially, the 
content of Fe is 0.50%. Since these properties will deteriorate notably if it exceeds, it is the content (permissible dose) 
of Fe preferably. 0.50% Considering as the following smallest possible amounts is desirable. 
[0068] Zn. 

If Zn is contained exceeding 0.1%, corrosion resistance will fall notably. Therefore, as for the content of Zn, it is 
desirable to consider as 0.1% or less of the smallest possible amount preferably. 

[0069] Moreover, the same quality of the material as the above-mentioned outer panel material is sufficient as the 
quality of the material of the inner panel material of this invention, and they may differ. From a viewpoint of the 
formation of a uni-alloy of planning convenience of supply or recycle for outer panel material and inner panel material 
as an aluminum alloy of the same quality of the material, the 6000 system aluminum alloy of the same superfluous Si 
mold as said outer panel material is desirable. However, it is not necessary to make the inner panel material as the panel 
structure of transport airplanes, such as an automobile, etc. have many severe demand properties like the above- 
mentioned outer panel material in addition to press-forming nature. For this reason, even if not the same as said outer 
panel material, they are AA thru/or JIS. 3000 A system and aluminum-Mg System 5000 system and 6000 aluminum 
alloy excellent in press-forming nature, such as a system, can use it suitably. 

[0070] (The manufacture approach) The superfluous Si mold 6000 system aluminum alloy outer panel material and 
inner panel material in this invention which consist of the above presentation can be manufactured with a conventional 
method, however, each process by the conventional method from the need of making outer panel material having many 
demand properties as [ said ] carried out — also setting ~ each — there are desirable manufacture conditions and it 
explains below including this point. 

[0071] The usual dissolution casting, such as the continuous casting rolling-out method and a semi-continuous casting 
method (direct chill casting process), is chosen suitably, and the superfluous aluminum alloy molten metal by which 
dissolution adjustment was carried out at this invention component specification within the limits is cast in the 
dissolution and a casting. 

[0072] Subsequently, hot rolling after performing homogenization heat treatment to this aluminum alloy ingot - Cold 
rolling (as occasion demands, it hot-rolls - while giving intermediate annealing of a batch type or continuous system 
etc. between cold-rolling between cold-rolling) It carries out and the configuration of panel material, such as a coiled 
form and tabular, is processed. 

[0073] aluminum alloy after processing is solution-izing and hardening processing (T four processing) indispensable 
first as temper processing. It is carried out. Solution-izing and hardenirig processing are Mg/Si by artificial-aging 
processing of next paint baking hardening processing etc. A cluster and beta" It is an important process in order to 
deposit compound phases, such as a phase, in a grain enough. As for the solution treatment conditions for taking out 
this effectiveness, it is desirable to carry out in the temperature requirement of 500 - 550 **. 

[0074] However, when it is the panel material by which especially hem workability is thought as important, solution 
treatment conditions are more desirable than that of 500 - 530 ** a low temperature side. 

[0075] A cooling rate is 300 **/in the case of hardening after solution treatment. Considering as quenching more than a 
part is desirable. A cooling rate is 300 **/. When under a part is late, the reinforcement after hardening becomes low, 
age-hardening ability runs short, and high proof stress of 170 or more MPas cannot be secured by artificial-aging 
processing of next paint baking hardening processing etc. 

[0076] Moreover, at the time of quenching after solution-izing, on a grain boundary, Si, MgSi, etc. become easy to 
deposit, the origin of the crack at the time of press forming or hem processing is easy to come, and these moldabilities 
fall. Although air cooling, such as a fan, may be used for hardening processing in order to secure this cooling rate, it is 
desirable to carry out by choosing from water-cooled means, such as Myst, a spray, and immersion. 
[0077] Si which causes room temperature aging control after solution-ized hardening processing - A hole and Si/In 
order to control generation of the hole cluster itself, it is desirable to carry out reserve aging treatment. That is, the thing 
of 1 - 24 hours to do for need time amount maintenance is desirable to the temperature requirement of 50 - 100 **. 
Moreover, the cooling rate after reserve aging treatment is 1 **/hr. It is desirable that it is the following. 
[0078] after making high hardening termination temperature after solution treatment with 50 - 100 ** as this reserve 
aging treatment - immediately - reheating -- or it carries out by holding as it is. Or after hardening processing to after 
[ solution treatment ] ordinary temperature, it carries out by reheating to 50 - 100 ** immediately. 
[0079] Moreover, in continuation solution-ized hardening processing, hardening processing is ended in the temperature 
requirement of said reserve aging, and it carries out to it by rolling round in a coil at an elevated temperature as it is. In 
addition, before rolling round in a coil, it may reheat, or you may keep it warm after rolling up. Moreover, after 
hardening processing to ordinary temperature, it reheats to said temperature requirement and you may carry out rolling 
round at an elevated temperature etc. 



[0080] 

[Example] Next, the example of this invention is explained. 

(Example 1) First, as a superfluous Si mold 6000 system aluminum alloy for outer panel material, solution treatment 
conditions were changed for aluminum alloy plate of an AA 6016 aluminum alloy specification presentation, and said 
reserve aging treatment was performed alternatively, and proof stress was variously changed with the thing of this 
invention within the limits of 1 10 -140MPa, and the thing which separated from this range, and was created, this AA 
6016 aluminum alloy presentation — Table 1 No. — 1 and 2 It is shown. The superfluous Si mold [ of an alloy 
presentation ] thru/or superfluous Mg mold 6000 system aluminum alloy plate which separated from this invention 
range for the comparison was also prepared, these — aluminum an alloy presentation — Table 1 No. — 3, 4, and 5 It is 
shown. Moreover, it is Table 2 about the board thickness of aluminum alloy plate of the example of invention, and the 
example of a comparison, and the proof stress after temper processing. It is shown. 

[0081] Creation of aluminum alloy plate was taken as the following conditions. 50mm ingot of aluminum alloy - a 
direct chill casting process — after an ingot and 550 **x4 homogenization heat treatment of time amount — giving — the 
temperature below 480 ** — 5mm in thickness up to — it hot-rolled, this hot rolling plate — the programming rate of 40 
degrees C / hr the conditions for 500 **x 30 seconds - annealing processing — carrying out ~ after that, thickness 0.8, 
and 1.0mm up to it cold-rolled. After processing this cold-rolled plate by changing solution treatment conditions in 
the range of 500 - 550 ** in a heat treating furnace further, T-four temper processing in which hardening by water 
cooling thru/or air cooling was performed immediately was performed. 

[0082] The cooling rate in the case of said hardening is 50-600 **/. It adjusts in the range of a part and is hardening 
termination temperature (hardening temperature). It considers as 80 degrees C in common, and is 2 at this temperature 
after hardening. Reserve aging which carries out time amount maintenance (cooling rate 1 ** [ after maintenance ]/hr 
following) It carried out. 

[0083] Strip-of-paper-like sample offering plate for the hem processing trial from these aluminum alloy plates (blank) 
Two or more sheets were started, in advance of hem processing, fabrication, such as a diaphragm of the outer panel of 
an automobile door and a trim process, was first simulated to this blank, and 5% of distortion was given beforehand. 
And flat hem machining allowance of a blank (it bends from the edge bent inside the outer panel blank after hem 
processing, and is the distance to the edge of the section) It was referred to as 12mm and the following hem processings 
were performed. 

[0084] First, blank which gave distortion beforehand according to the down flange process shown in said drawing 2 (a) 
(outer panel) The edge was bent until it became the include angle of 90 degrees. Under the present circumstances, they 
are 90-degree bend radii of aluminum alloy panel material 0.5-1 .0 It changed. Adjustment of 90-degree bend radii was 
performed in the shoulder radius Rd of dice 3a. It is Table 2 about 90-degree bend radii of these aluminum alloy panel 
material. It is shown. 

[0085] next, the PURIHEMU process shown in drawing 2 (b) — the edge of a blank ~ further — it bent inside to the 
include angle of 1 3 5 * * . 

[0086] then - the same — from said aluminum alloy plate — starting — blank as an inner panel (the same panel material 
as the AA 6016 aluminum alloy which is outer panel material — ) About the edge of 0.8-1. 0mm of board thickness, it is 
said blank, (outer panel) Clearance t which inserts in the bending section and is produced between an inner panel 
material edge and a hemming section inside It prepared and the flat hem was prepared according to the flat hem process 
further shown in drawing 2 (c). The board thickness and said clearance t between these inner panels Table 2 It is 
shown, however, clearance t Flange die-length 1 a ratio — 1/1 It is shown. 

[0087] And visual observation of the surface states, such as generating of the surface deterioration of the hemming 
section of a flat hem, a minute crack, and a big crack, was carried out. 3; which a crack including a minute thing does 
not have although evaluation also has neither 1 ; surface deterioration nor a minute crack and fitness and 2; surface 
deterioration have occurred — a minute crack — generating and 4; — a big crack — generating and 5; — a big crack — 5 
of plurality thru/or a large number generating ** The phase was evaluated. As this evaluation, hem workability is good, 
(use is possible) Being judged is 1-2. It is to a phase and is 3. Hem workability is inferior in beyond a phase, (use is 
impossible) It is judged. 

[0088] Furthermore, proof stress after carrying out artificial-aging hardening processing of said aluminum alloy plate 
after manufacture in a low-temperature short time for after [ 2% stretch grant ] 150 **x 20 minutes (BH proof stress, 
BEKU hard proof stress) It measured and low-temperature aging treatment ability was investigated. These results are 
combined with said flat hem workability, and are shown in Table 2. 

[0089] Table 2 since - a clear passage by this invention proof stress within the limits of 1 10 -140MPa and outer panel 
material of overthis invention Si mold 6000 system aluminum alloy presentation within the limits (No. of Table 1 
aluminum alloy of 1 and 2) Example No.of inventionl-6 used Inner panel board thickness is 0.8mm. Clearance t which 
it is thin and is produced between an inner panel material edge and a hemming section inside It is large and 90-degree 



bend radii of a down flange process are 0.5. Even if it is severe hem processing A certain thing understands BH proof 
stress after passing, and MU workability's being excellent and carrying out artificial -aging hardening processing in a 
low-temperature short time which is 150 **x 20 minutes for 170 or more MPas. 

[0090] however, outer panel material of overthis invention Si mold 6000 system aluminum alloy presentation within 
the limits (No. of Table 1 aluminum alloy of 1 and 2) it is - even if - Proof stress exceeds this invention upper limit of 
140MPa(s), and, for the high example 7 of a comparison, inner panel board thickness is 0.8mm. Clearance t which it is 
thin and is produced between an inner panel material edge and a hemming section inside It is large and 90-degree bend 
radii of a down flange process are 0.5. The crack has arisen in severe hem processing. Moreover, example 8 of a 
comparison especially with as high proof stress as 152MPa(s) It is 1.0mm about inner panel board thickness. Clearance 
t which it is thick and is produced between an inner panel material edge and a hemming section inside It is small and 
they are 90-degree bend radii of a down flange process 1.0 It enlarged, and even if it eases hem processing conditions, 
the crack has arisen. 

[0091] furthermore, outer panel material of overthis invention Si mold 6000 system aluminum alloy presentation within 
the limits (No. of Table 1 aluminum alloy of 1 and 2) it is ~ even if ~ although the crack has not produced the example 
9 of a comparison with proof stress lower than this invention minimum of 1 10MPa(s), and 10 in hem processing, BH 
proof stress after carrying out artificial-aging hardening processing in a low-temperature short time for 150 **x 20 
minutes does not fill 1 70MPa(s). 

[0092] moreover, even if proof stress is this invention within the limits, it separates from the overthis invention Si mold 
6000 system aluminum alloy presentation range (No. of Table 1 « 3 and 4 --) 5 aluminum alloy The examples 11,12, 
and 13 of a comparison using outer panel material It is 1 .0mm about inner panel board thickness. Clearance t which it 
is thick and is produced between an inner panel material edge and a hemming section inside It is small and they are 90- 
degree bend radii of a down flange process 1.0 It enlarged, and even if it eases hem processing conditions, the crack has 
arisen. 

[0093] The above result shows the criticality-meaning from the overthis invention Si mold 6000 system aluminum 
alloy presentation and the flat hem workability of proof stress in this invention, and low-temperature aging treatment 
ability. 
[0094] 
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[0095] 
[Table 2] 
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[0096] 

[Effect of the Invention] According to this invention, the hem processing approach of aluminum alloy panel material 
and aluminum alloy panel material for hem processing which are satisfied with coincidence of hem workability and the 
artificial-aging hardenability in low temperature can be offered. Therefore, it is the point that expansion of the 
application to transport airplanes, such as an automobile of aluminum alloy, etc. can be aimed at, and has great 
industrial value. 
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-f7>3at«»S>l5alC<fcOB3£Ufc. fit»10I«©7C 
^VWH ©81a*, *>?4al:J:0, MM " ) »C 

[0 0 10] ^ClC. H2(b)©7*'J'\AI8tt. 4T&>7 
7>i?xm&<DTV9K*M ^U<. ^-f7^3bt 
ffi}f$A5bC«J:OHSU. 7V9n*M ©Slb<&, * 
>9 t 4blw«fcD. S»C»135 • *rrtftHc«OftJf*. 

[0 0 11] SK. 02(c)©77y h'\AIS ; ?»E2(d) 
(OD-^AIilt »OIg^h'JAXg$©fi!cJBlBl 
ia©-r>^-A^U2 ©&S7''jAAie«©7'5^A 
*;H ©«fO*»fSSCiR« (IfA) ^-UT. 7C7 

■e-T) <ty<X3c, Sdlc.tOHS-ritt'biC, 7C^ 
A^;H ©Sic. Id*. #>?-Ac, 4d»C<tO, 5EC180 

• ©ftas•crt^8!l^cfirofi^f77•y h^A*»rirr<&. 

1 ©7 5-yhAAB5 (180 S«rDfttf85) t^SftfiL 
[00 12] C©W. 02(d)©D-7*'\Al8tt, 02 



3 

(c)©77 7 h^AXgKJfc«LT, 'NASAS? (ffiO 
£*ri/T*9. 77SS777 h&'NAJBttTttfc 

*»<k©fc&iB8!W<'>fc < fc-Stt^SSttlC* tt*$© 

10 0 13] z<Dtztb, mz. ns-^n®€rS«-r«s 

IWgSfiftincfc^Ttt. '\Aaul©fii&Xg$. g&L 
^mftJUXtiiZ. 02(c)©777 h'vAXglCfcrm 

[0 0 14] CCfcfcHT. HB79*'/WI'i'f>* 
/t*;HH©Ai£&/t*.H4m. /^;i4*©es{b©£«t> 

C. 1. 2jro «T©«JSlCifi^&*JSl**bSftTV>a. 03 
Att\ 77*/t*;i/ffl©AI££/Wl'tmO. 8mm Et± 
©. 0.9 ~1.2mn ©fi»rt<£irr»*. -f>771 
*;WH©AI£&/t*.>l4lttl. Omm EAT©, 0. 8 M. 0mm 

[0015] ua>u cn&awwbsn&Ai^&rt** 

*/t*;U»©«flW*< t»tf*fl=<»:LTtti8 
U<&9. h'VMlOXtfSKfc*. 
[0 0 16] £©&*, J»rtflS**l&AI**/t*;Mt«!> 
777h / SAttlII;:43V>T> JgdcStt-5777 h'sA© 

&®m ten. S3 icggmc^-r^ft, aa^nx , 

fcD. 8?fi^©S;BatT#fc<fcS::<i:a<#V>. 
[00 17] 77y h'sAiDXlcfcHTli, 03 

\z*t£v\z{ mwizhmm . 79*1**1*1 © 

ftftSBA Klf XSnS'f >7V<:*;Wf2 ©S8S2ai:. & 
ASM ©rtSAatOiatCtt. eiMRSTMt 

ttsg-ttraxan*. c©iaiat *t*«75Sc©»rat # 
Ato&st. 77*i*;wi <ogttts?A(ttvfS) © 

nZ *?©*&*l£i;g<fc-5. -tLT. fi9ELfc»fc<fc 

snfcAi^&/^*;n»"ctt, ;:©«iSia*H»£fc3. 

[0 0 18] CtllCttU S£3fc*>e>> 77 7h / vMHI 

xgim*. Ai^fiwsttfijr. mm^m m&m> 
mmim ©*&»££i»±-t*affit>g*ji£an 

[0 0 19] WAtf. ft&BS63-2690 ^fcfBfct'Ttt. 
186MPagK©S53££&Al-&&«©7 7 7 S'NAilDIfcfc 
t^T, 99fEH2(a)©*7>7 7>S>Xgl;:£«r>T> 77 

^svMrittcjMtsnt 77>-^ -1— mvmfvm 

Rd (*-f*©W¥&) £*#<U «fc*m#«Ktt. Al 
S&«©lSJS<!:©&i»T, ffltf^SRdSrO. 8t~l.8t (ffl 
U ttAl£&«©«JP) £LT, «JiE^a©5E*SI»ik 

[002 0] 

[585Wfl?fcU<fc7«l:-faSSS] L*>U EfclSTtt, 
777 H'vAtJlXfcfc^T. 77*Vt*Jl'#©©ftSHC 
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#A.Sti«-f >*/t*;Kfttl.2« ga«ktt«WJP<. 
lfttf&#£l,TttJKL<&<. 777 hAAfiUltflttt 
WgSTfc*. CtlfcttU 0.8 -1.0mm gg©Jti»W 

jM4»*«wpAs*i*-f >7-i*;i4t«s»£8ifliw 

[0 0 2 1] C©&#. 777 h'SAttXXgffllC&lt 

io MBai/fc»ffiAi-&^/^;Kr©*rsa^77 7 h'xA 

fMUZ&friT. 6000«Al&&>'t*;U#©lB7jB#£T 
If. 777 h'NAjDHSSrecSUT^fcro^^T* 

[0 0 2 2 J Us4>U 6000*AI«*/t^;U«T«>HA€ft 

[0 0 2 3] #fc. ifi^. Al«*/t**««!>fttttt«tt 
ttfflS©SStt, *£*JI'¥HbcDS*&ft«HHI tic 
20 J:t)T. S*figlBI*IIM:3ft«MfflK&9. S£*<gi& 
®P5liafcffl#§i8WT?»t>fc. 170 *Cx203>©jag^6, 

150 r:xiM<DW*isMMmik#tte\z. 
tz>mfa\z$,z>. 

[0 0 2 4]£©fc«>. CO£9tttta)B*nft3t'lfe 

mmmzmmm&trvtt. '\Ajnxtt©»s©fcie> 

IC. 600O*Al£&/X*;i4*©ffl*€:teT3l|-fc8-6\ £ 
Oi/^Aii#fl»CB*Sft6 170MPaE*±©3fiffia< 

[0 0 2 5] C©«t3lC.. 8MS*bSnfc6000&AI£&At 

30 .^.;n*©^Aiinxtttftia-r©AXRf3ai«fl;tBttt. c 
n*T©B^»ttfl:t«sfiflrfl:ftt*t©RHtra«ic. 

<r». c©fc*. tJe*^e.g*^3gsnxir»56ooojRAi^ 

sic^tn-r-att^stoTbTt. itfi<bsnfc6ooo^ 

Al jlrfte'N A»Xtt tftltO AIRfS4®{bt8 

a. 

[0 0 2 6] *f6M14C©aft|HflC*BUTft$nfc 
40 fe©T»oT. *©B«tt, 'NAlniHttfiaTWAI 

«ao4i:tt&ftni*icttje-r«. ai^/^^«©'\a 
<hrst>©-c*5. 

[0 0 2 7] 

[gias«ft-r5fc«)©?a] cwiw^aisr^fc* 

IC. *335W7^5^9A^/^;l'tt©'\A10I^}* 
(K*«l)©fi©B. WiMlhiKlTWJ^Sz 
•7A-&A79*1***r*. «JP*»1. Omn BtT©7*5 
-9A^-f>^*;l/ttlI»^r<577 7 h^AlJOX 

so *ttT»oT. iifa79*/^;utt©iatt^a»c#A$ 
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B7f*/t*MJ*. Si:0.4~1.3X. Mg:0.4~l. 2SS££ 
*. AoSi/Mg *<1 £l±?fcD. Mn:0. 15SETF. Cu:0. ! 
X KTIdfilHU 58**110 ~140MPa©KSffit LfcSiiS 

y H'\AlBlI«©7'?*/1*.)l'a©25W M/y^tt#* 
150 t:x207j©AXI9&fflS&©il87J*l70MPa£U:i:-r 

[0 0 2 8] Sfc. *S891'sA;!n)Iffl7;l'5:29A£& 
/t*A*t (SS*«4 ) ©Sitt. OTEgj}#SU7SS3© 

CO 0 2 9] **WT«5Al^/WWr<i:tt. 

8 «&4ffl8) *«bfc«*re. jSJBffl©«#*S#*o 

[0 0 3 0] *5fi9i#Stt, «fc-r >^/t^;Ptt*q. On 
■ £iT»C»fifl:Sn&60009RAl^^/^;W<O. la* 

««g65t»ffiS?rt® t on ©MIBItfft 5 ttffiT © 7 9 v 

h-^AanxK^nx, 'vAijpiatffin. *>tja*<ono 

■CxaO^O^ftTtt^lfefflCi:, I»ffil50 Xx20#©<£ 
-8fl*N©AXnftfl8 ttSttftftMGa) 
l70MPaK±O»ffi*t#6n*SR»*ft : »wt3WTa»Ttt 

[0 0 3 1] £©«§£. 777 b'\Att]X;*ftS77* 
SCMtt*. 58**110 ~140MPaO«Htt, 
Ofi!E»a«ttHi:l/fcSiia«IS<i!>AI-llg-Si*7^S=f 
A£&tfntf. #lc-f >t/«**»Cl. Onu ETFlciS 
ffifc3nfc6000&Al&&^*;i4*T*^T. Lrt»b, 7 

tsfiSSrtStoraoieH^ft^ttffiro^^y h^a 
flnix-ifeoXtK AAinxtt&asx^. ^fiftTffl 
AXBf%>®tot&t * ^csis-r asy&s^rr a z. t s- . 

[0 0 3 2] dfflSSStt. #lCg?#jB2 ICfc«©J:5 

*o.5~2.o ammtisnm&zjzz^. 

[0 0 3 3] £fc*58W«;i©<fc?&&*£WT*£ 
gtT»c6000*Al^««*t : P*7'U7^«$tl. 

Asnx, ^AtoxatfiTta, 8Kaa*79*/t* 

2©^ AUDITS; C jfffl $ tlT»®X»5. 
[0034] 

[»93©£J6©JBS8] BIT. **W©#Bfc3e«*ttfc- 

^AJnl^ftittli. 891302 (a) Mc) TittWLfc7 
5s/ K'\AIg*£tf«£*©'sAflOia:. Ig*«ktf# 
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[0 0 3 5J8U *&9!T75y h^AfiOXOttSfct 
-T-5©tt. BJIBUfciiO. k\Gt&70*n*)VVt<DlRB 
A<0. 8mm EJUT, A1&&-T >:J-/t*.JMt©«#*»1. Omm 

utf©*)©^*. Ai^7^^^4-ju«©fiii**cin 

«kOI9<. Al^&'f >±^^WJ©«^*tcn«kOJP(r> 

Aifc&sfcffi t * Eftcsgfirr s c t \ttt®m&m -e 

10 [0 0 3 6] fcfc. *«WT©77f S'SAIDX^ Al 

nsa ©*-ic»uxff<Dn^tt. &#©8:it 

[0 0 3 7] (^>77>^Xa)ff. 'NAlflXtCfc 
02(a)©^>77>^Igtt. &gl::J:D«0 
Ig*> h U AIS«?©fiK»J0XSnfcg©Al-&*7'7^ 
rt*JWl ^*3a<tfiJ»I';*A5al:: < k9BJ£U 7 
©iftlaSr. 4*>?4afc£D. EAlCigV» 

20 [0 0 3 8] d©B. 7^^/WUtJl ©90° ffllf^g 
75*0. 5 ~2.0 ©©BiTfc^JWfSL^. 7*5' /t* 
JUttl ©90" t&tf¥8tt. 02(a)©^-1'X3a©M*€IRd 
*i:tX^ >^4a©W¥SRpSriaS UTfT 5 . 
[0 0 3 9] 7-?*/WU#©90.' tttf¥8tf0.5 

fc6000*AI-&&/^;WC*oT. U^t>. 7^^^* 

juwwsfflfflicjfAsns-f >^^;Kt«ae6t»tta 
rtffit©ra©fii^2bs4^fi8-e©7 7>y h'vAiox-e 
tt. *5£Mr©7'i'^n^.;i/tt©B*S^»c i t)l8t>e. 

30 "f, 7? -j h^A&lXXglC^VvT, I9K03 Ic^bfc 

idni?©^fi^i;^»"r< 

[0 0 4 0] 77^/^P«©90' fttf¥gd«2. 

0 *jBAS8-&. 02(d) »C^L,fcD-7'sA(tjfi<^ 
0, '\A&ft8S©^-fi*»3ll«&0*t«feten5Plffitt 
*«A€f<*-5. 7 7 7 h^A©&fflS8©**©» 

W±©fl.g»752fl^ili;:#u ^BR©loiS©njg«i 

[004 1] ^IC, 02(b) ©^'J'sAXgKt ^-7>7 
40 7>-7Ig«©7f ^*;wi mt<s ?-fX3b 
«t«ff$A5bl-J:0@«b. Tt>9n*H,m ©»lb 
5H>^4b»r<fcO. HC«)135 * ©ftS*TrtfflSlC»r 

[004 2] II:. 02(c)©77-y h^AIgtt. «0 

ig^ mj AXggswdcftHnji&W'f >*h*m ©a 

7'U'\AXgft©7'>^/X^jl,»l ©St&tfaSA IC 

#A-rs. 

[0 0 4 3] C©SR, t9IB03C^-r> -f>t/WHJ 
«S2at»fttf»rtBAat©EUcti;*l8Klt MS 
50 LfcfflO. 7^^^*;Ktl ©SftffiA ©Ji**SS< 
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[0 0 4 4] C©fBWt ©*»WT©flF£IE#tt. BIO 
t £dif2@3l;:jrr7 7>v J SS ('vAi&ligBA ©E 
fi) 1 <fc©tt(t/l) SnX&fHcJ:oT*>£& 
«Ma0.6 ETF-Cifc*. L*>U tS*©^ AUDIT 
11. r©t/l tt«tfe0.3 gaa<6fSi8#T*ofc. IP 
5. *55WCtt, 777 h^Al)BH±©ekS»C«J;oT. 
ffilf^ft&8SU<T'5il©f8rat ©tt£SH#£:*# < T 

[0 0 4 5] *l/T. J5J:tf-f>^/t 

£TSt<tt>lC 7«7£AWH ©»lc£. #>5 1 4c»C 
J:D, SKI80 S©a«*TI*l<l3»::»r9iatf777 

C©«fc5lCUT. -f >7"/t*A<2 ©8 
t, 709K*M ©77 7h'V&« MSffiffi) 

[0 0 4 6] lfc*oT. #3691te. «*©^A1B1II 
g:J3£tf*fl=£;*:2<£a.'n:, IIUffi=:^©8i&©iififc 

[0 0 4 7] ttl6*Af*JI'tt) #3e91KtKa. Al 

[0 0 4 8] flH*)S-r. AIfc*7**/t*JWf«>KA 
ttUO ~l40MPa©eHt-r-5. 01 s*J6*y 

»c*5ft*AA 6016 ais& (*»w«aiao ©ai£&/<** 
•r. 01 «t». e^wtt-f >-r/t**wsMi:t>n . 

HJtt-f >^-/x*;v»fl!*tO. 8bb ©#&t?<&*. 01 CiJ 
ttS'vAiaxfcttii. -f >7-n*;u«JP*<0. 8 ~i.0m 
t®<> -f >^*;nf«gsst»fflifesrt®.t©Kic4 

<. ^>7 7>-7xg©90' mtf*m*o. 5 ©«to« 

U>777 h'vWtoltbfc. 
[0 0 4 9] 01 frZftifiZmOs »2;;»*140MPa*iS8*. 

fc®£. #c-f>7-/t*;n**«i.0Bi E4Tii»«^sn 

fc6000«Al^^*;WTJ&oT, L^t>. WEKU^ 
77 7 h'vAfljiaMrca, -T >7Vt*A4IJW<»Wa 
if (-f >7V<*.«4tJStfa Odd <fc 0 *>0. 8mm ©«£©;£ 
*t) . 'NAjDIttsWSTl/, 7f ^^^;l/<t©8ttS?lC 

^Aiui^frTtt. *^T»ai-r*ja^Sil!6000JS 
Al£&^*;i4tT?tt. KAMMPattifilC. 757 h'Vk 
jDItt©KIM<<&* - itftf^S. 
[0 0 5 0] AI#ft79&1**tteiM* t llO 
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•- MPa'*»-cii. Bmt-rzi&&smiai<tmifi®$nT> 

2*3. Y U7f-#4«150 "Cx20»©<Sta^f«)ffiSRf<OI8 
7ja<170MPa£U<{:fc'&-r. /t*;H»iB*.i LT©&®!r 

[0 0 5 1] (ffiJi) *B91-Ctt. fflSBUfcfflO. AI-&& 
A*;M*©«JPI;:o#. Al£&79*M*M*©«J9tt 
0. 8mm «±T, Al£&-f >7V***tt0ftJPt21. Omm K 
TWfewSWfttT*. Al£&7'7*/<*Jl'#©«JI;W 

ctu:Qrf<. Ai^-f >7-/wnt©«ii*^n«ko 

$n. *56^©EIS C\AlmXtt<!:fciIT©AXI$2S«g 

[0 0 5 2] A*Jl4*7!>M^*.M8i6#©<8:BflS 
©£Tt>> AlS&'f >7-A*Jl4t©«Jittt 1.0mm ftT? 

777 h'sAttlXtt©.^ 
Al£&-f >7-/t*^«©«JP^JPV^* t . *KA4 
^^77^^*;^©«JP*^t>**^AljaH4ttl«l± 
•f*. 1/*>U Am&-f >7-^*;P«©«PAW<^:S 
t. rt*)M7Smrt*)Wi&ft<om&{£<MttbO). Al£ 

20 &A<*Mt©«fflatt©£8A<»fcfc**. 

[0 0 5 3] (Al^fflfi£)*lC. *56W7>?^A*;K* 
■?^A^;PAl-&^«tt. j§fi|Si$!6000£Al£$<* <»: b 

t. «pic a»*«©tta*©^*;Mjiar#a:^t u 

T» iS*^*110 ~140MPa©l8H«tbT. ItrK'NAftlXS 

Jgtt. i8fttt. ®«tta<if©K4*ttS:*«$-tt5 (SIS 
-f-5) i^S^ft*. bfc^T, *58WAl^/^;Utt 
iC^lt*. Sk Mgft^TcSRW^fil^ AA75SJIS © 
30 SttlCfcJtrtSS^n* <!:,>: tic. -t-weHrt-CIOiB^ 
145!#©e/S^6»*L/V»ttBlC«SSn*. EATK, 

[0 0 5 4] £&7C$©ft. Si, Mg, Cu. Mn. &, 

^©, Cr. Zr. Ti. B . Fe. Zn, Hi. V &£©•€•©&© 

E6000S£&©'J1H' ^;P©S^e. «§»*}tUT. 
S5*6SAI»^e^'rtt>5:<. 6000&-&&-*". -t©ffi©Al 
^^77m fi«ifiaAl«i^fti:^»tttUTffi 
ffl-T-5«^^^tr. c©<fc7fe«£K:tt. rne.ffi©^ 
40 ^7C«tt^»l-^**X5^<i:<!:&4. LfcibT. * 

@HT. cne.ffi©^7cJ8^. JIS 7iSAA©«»rtT 

[0 0 5 5] Hg:0.4~1.2«. 

Mgtt. mmtt. ms«i##itj!is&t*©Ai^ffl 

g^flc. SitttlCMg/Si ZvW-ltiiQiKC'&ttoft* 
jfi#tUT. l70MPaK±©!&E3affi£1§*fc«>©&^© 
50 [0 0 5 6] Mg©0. 4X*SI OSX . KTI^U) ©^W 
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tttt>/^)utiJbmn^mm»tLx. i70MPa£u©& 

[0 0 5 7] NgrtM. 2X*«AT£W <* tl%£. 7" 

b<ffig$*V&. bfctfoT. Mg©£*Tffitt. 0.4 ~1. 

2x©«$b.t. aosi/Mg #1.0 «±t^%j;5ftfit-r 
*©*«#* bv». 

[0 0 5 8] Si :0. 4 — I. 3X. 10 

AlftSftSaSENC Sitt&KMg/Si {7y*2-1tZ<D 
fcS«Jffl£J&J«bT, Bf$4®<fc<i8£S2}$b. /X*^tt7S 
S^*;M8jgft:.!:bT.. 170MPa£U©&K3$a«:*f Sfc 
8&©£S©7Citre*£. bfc*«oT. #389Jj§8Si8!60 
00£Al£&#fc*oT. MIC. Sffl&K®*;**!*. 7" 

£*{I$1*.5fc«>©S«g7c3RT**. 
[0 0 5 9] 2X* r-P->;/^*r4t£150 "Cx20#© 

<5i&l$&&8l$©lH#*170!ffaiSU:<!:t>3. ffitlfeffljia 20 
P^HftSBfcfiHfS-tt-fcfc&Kfc. Si/Mg *1.0fU:& 
b. Si £MglC*f Uia»{C^*r$-ti-fcjS*JSiS!6fl00*Al^ 

[0 0 6 0] SiS#0. 4X*8t-Ctt. 6!(l2Rf«HSfl:ffi. 5g 

[0 0 6 1] Si*M. 3X£jt8ATa*Sn*.i:. # 

Jgfctt**b<Hi£T*. Uft*bt. Si«0.4~l.3X 30 

[0062] 'NAipxtt** 

ftlcSSSnsfc*. Si^#fi«0.4 ~1. ixt. «t9<& 
©©ffiBTNfe-5 £ t HW £ b ^ 
[0 0 6 3] Cu:0:lX £TF. 

£0ft64Me*fiHI&1*&8MH>, @igb£Cuttj£«tt 
tfilQw «TC»«<tSnfc6000*Al-&&^*.U'#T* 40 

h'NAlBXTtt, Cu£0. lX^jBATS^TTS 

^AinxttjWSTb. 7»>^M*;^©8t*S«cai) 

n$©*&**£b*. Cu©^f tt. IBfSAJBfti'J 
tltt*. a8M£©iBE!M3:©f*J©IJfcStf«-. *fcjSSM4 

s»b<#<fcs-tr*. c©fc». ttican*79^/^ 
WBfc£©/t*;i4Jfflifcfc£©8SK«. o. ixetf©t? 

[0 0 6 4] Mn:0. 15*ETF. 50 
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Ai£aa»©ttfttt*«ttft:stf4»*a«**. ba> 

b. 0. 15X SttASSffTttfclCf V*-/t*JWr*M.0i 
in «TIC?S«{fc£nfc6000&AI£&^*MfTi&oT, 

*Jl4ttttt t HH&Wftifi t Of® ©(BIH*** 4«S8T© 7 

h'vwbpx-nt. ^AinxttjWiSTb. 7?*'/^ 
;i/tt©eftgsttjn«?©^&*^i;5.. bfc*^T, Mn 
©^Wffltto. i5« aTc^iw-r*. 

[0 0 6 5] Cr . Zr. 

£fc#-e#£2Sft&a*»-5. b*»U Cr. Zr*>. 0. 15X £ 
aA*-&^TTtti|*»r.'f >*A*J14J]&*1. Omm .«Tfcfi« 
fl:Snfc6000^Al^A^JH»-p»oT. b*>*>. . 79 

g«66rtE£©W©«IH#*5#!8T©7 7y h'VAlBJ 
XT?tt. 'sAiDIttitfiTb. 7r>^/X*Jl/»©iRffl8t 
C#Wa#©'FA)^&U*. Ifcibt, Cr. Zr©**r» 
t>0. 15X GlTR&MI'SC&ftWSl'fr*. 
[0066] Ti . B. 
Ti. B tt. Ti:0. IX , B:300ppmSrS*8AT^-r-5 
t. fflAfcSffl^&ffiMKb, fi£jeM4£fflcT£i*-*. <I 

u. Ti. b KttfSfiro-S^rT. «&»©esiKtseiiiffl<b 

T. Ti :0. IX £4T. B:300ppm«T*T©^*«llF«-r 
[0 0 6 7] Fe. 

mmm^m^vx. ^w^tbT^insFett. ai.c 

UtFe. All i (Fe.MnhCu, . (Fe. Hn) Al. tiE(D8 i &®*£. 
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